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CI ai rrs 

Ful I text Wjrd Count : 11929 
Engl i sh Abst r act 

In wireless cormuni cat i ons systems, the Base Station Controller (BSC) 
241) and Base Transceiver Stations ( BTSs) (211, 213) have schedulers 
243, 215) which schedule soft handof f ( SHO) users (221) and non-soft 
handoff ( NSHO) users (223, 225) regardless of delay sensitive users. The 
BSCs scheduler (243) prioritizes the SHO users (221) and calculates the 
available capacity at each sector. Then, with assigned data rates 
according t o t he pr i or i t y, the available capacity is updated by the BSCs 
scheduler (243). The BTS s scheduler (215) calculates the available 
capacity at the sector and with assigned data rates according to the 
priority of the NSHO users (223, 225), the available capacity is updated. 
Based on the updated available capacity packet data is transmitted at the 
scheduled data rate in the reverse link. Wth the schedules processed 
separat el y by t he BSC (241) and BTS (213), t he mil t i - user di ver si t y of 
states on the reverse link of wireless cormuni cat i ons is efficiently 
supported. 

Fr ench Abst r act 

Dans I es syst ernes de corrrruni cat i ons sans f i I , I e cont r ol eur de st at i on de 
base (BSC) (241) et I es stations d' erri ssi on et de reception de base (BTS) 
(211,213) corrprennent des or donnanceur s (243,215) qui pi ani f i ent I es 
ut i I i sat eur s ( 221 ) a t r ansf er t sans coupur e ( SHO) et I es ut i I i sat eur s 
(223, 225) a transfert avec coupur e ( NSHO) i ndependarrment des utilisateurs 
sensi bl es au retard. L or donnanceur (243) du BSC donne pr i or i t e aux 



ut i I i sat eur s SHO ( 221 ) et i I cal cul e la capaci t e di sponi bl e dans chaque 
secteur. Ensuite, avec I es debits de donnees af f ect es sel on la priorite, 
la capaci te di sponi bl e est act ual i see par I' ordonnanceur (243) du BSC. 
U ordonnanceur (215) du BTS cal cul e la capaci te di sponi bl e dans I e 
secteur et avec I es debits de donnees affectes, sel on la priorite des 
ut i I i sat eur s NSHO ( 223, 225) , I a capaci t e di sponi bl e est act ual i see. Sur 
la base de la capaci te di sponi bl e act ual i see, I es donnees en paquet sont 
t r ansrri ses sel on I es debi t s de donnees pi ani f i es dans la I i ai son r et our . 
Avec I es or donnancerrent s t r ai t es separerrent par I es BSC (241) et BTS 
( 213) , la di ver si t e rail t i - ut i I i sat eur d' et at s sur la I i ai son r et our de 
corrrruni cat i ons sans fil est prise en charge ef f i cacerrent . 
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Det ai I ed Descr i pt i on 

r at e cont r ol al gor i t hm has t he same pr obi em i n all ocat i ng r esour ces t o 
SHO users as distributed scheduling . 

[ 0014] SUMvARY CF THE I NVENTI CN 

[0015] It i s an object of the present invention to provide an 
improved scheduler for properly scheduling data t r ansrri ssi ons and 

efficiently supporting the rail ti -user diversity of states on the 
reverse link of packet -based wireless corrrruni cat i ons. 

[0016] According to one aspect of the present invention, there is 
provided a scheduler for scheduling calls in wireless corrrruni cat i ons 
syst em corrpr i si ng: a Base Station Controller for controlling various... 

...aspects of the systerq and at least one Base Transceiver Station for 
providing corrrruni cat i on links between mobile stations and between the 
mobi I e st at i ons and a wi r el i ne t el ephone net wor k, t he rrobi I e st at i ons 
being associated with rail t i - di versi t y of user states, the scheduler 
scheduling the calls in reverse corrrruni cat i on links based on the 
parameters of the system 

[0017] I n t he scheduler , scheduling functions are distributed t o t he 
Base St at i on Cont r ol I er and t he Base Tr anscei ver St at i on in... 

... t he rrobi I e. st at i on st at es. 

[0018] For example, the scheduling function performed by the Base Station 
Cont rol I er schedul es cal I s of t he rrobi I e st at i ons associ at ed wi t h 
soft handof f ( SHQ state and the scheduling function... 
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Techni ques t o assi gn t er rti nal s f or dat a t r ansrri ssi on in a M MD- OFDM 
system A schedul er forms sets of terrtinals, called a hypothesis, for 
data t r ansrri ssi on for each of a nurrber of frequency bands. Che or more 
sub- hypot heses may be further f or rred for each hypothesis, with each 
sub- hypot hesi s corresponding to (1) specific assignments of tr ansrri t 
antennas to the term nal (s) in the hypothesis, or, (2) a specific order 
for processing the uplink data t r ansrri ssi ons fromthe terrrinal(s). The 
performance of each sub- hypot hesi s is then evaluated. Che sub- hypot hesi s 
is then selected for each frequency band based on the evaluated 
perf or rrance, and, the set of terrtinals in each selected sub- hypot hesi s 
are then scheduled for data t r ansrri ssi on on the corresponding frequency 
band. 

Fr ench Abst r act 

L' i nvent i on porte sur des techniques de pr ogr arrrrat i on de t er rri naux pour 
I a t r ansrri ssi on de donnees sur I a I i ai son descendant e et / ou mont ant e d' un 
systeme MMOCFDMen f onct i on des "signatures" spat i al es et ou de 
frequence des term naux. Un pr ogr arrrrat eur forme un ou plusieurs enseirbl es 
de term naux pour une event uel I e t r ansrri ssi on de donnees (liaison 
descendant e ou mont ante) pour chaque bande d' un norrbre de bandes de 
frequence. Une ou plusieurs sous- hypot heses peuvent egal errent et r e 
et abl i es pour chaque hypot hese, chaque sous- hypot hese cor r espondant a (1) 
des affectations specif iques d'antennes de transmission aux term naux de 
I' hypot hese (pour la liaison descendant e) ou (2) un ordre speci f i que pour 
le trait errent des t r ansni ssi ons de donnees par liaison mont ant e depui s le 
ou I es term naux (pour la liaison mont ant e) . La performance de chaque 
sous- hypot hese est ensuite eval uee (par exerrpl e, sur la base d' une ou 
plusieurs rresures de performance). Une sous- hypot hese est ensuite 
selectionnee pour chaque bande de frequence sur la base de la performance 



eval uee, et I e ou I es terninaux de chaque sous- hypot hese eval uee sont 
ensuite programmes pour la t r ansrri ssi on de donnees sur la bande de 
frequence cor r espondant e. 
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resources in a M MD- CFDM syst em t o provide high syst em per f or mance. 

SUMVARY 

[10091 Techniques are provided herein to schedule terminals for data 
transm'ssion on the downlink and/ or uplink based on the spatial and/ or 
frequency "signatures" of... 

... an upcorri ng t i me i nt er val may be associ at ed wi t h t r ansrri ssi on channel s 

havi ng di f f er ent capabi I i t i es due t o different link conditions 

experienced by the terrrinal . Various scheduling schemes are provided 
herein to select a "proper" set of one or more... 

...that syst em goals (e.g., high throughput, fairness, and so on) are 
achi eved. 

[1010] A scheduler may be designed to form one or more sets of 
t er rri nal s f or possi bl e ( downl i nk or . . . 
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A syst em and method is disclosed for synchronizing threads of execution 
wi t hi n a di st r i but ed corrput i ng envi r onrrent . Thr eads of execut i on wi t hi n a 
corrputer spawn additional threads of execution on separate corrput ers 
within the distributed corrput i ng environment. Each thread may compete for 
shared resources within the corrput i ng environment, thereby creating a 
need to avoid deadlocks arrang the local threads. Wiereas locals thread 
exists within a single computing platform logical threads are created to 
relate local threads to each other and thereby span the platforms on 
which the local threads reside. Dstributed monitors are created to 
control access to shared resources by local threads based on logical 
t hr ead af f i I i at i ons. Locks wi t hi n t he di st r i but ed rroni t or s ar e assi gned 
to logical threads instead of local threads. Local threads that are each 
part of the sarre logical thread will all have access t o t he shared 
resource when the lock is assigned t o t he logical thread. 

Fr ench Abst r act 

Cette invention se rapporte a un syst erne et a un procede servant a 
synchroniser I es unites d' execut i on dans un envi r onnerrent informatique 
reparti. Les unites d' execution d' un ordinateur engendrent des unites 
d' execut i on addi t i onnel I es dans des ordinateurs separes de 
I' envi r onnerrent i nf or mat i que repart i . Chaque uni t e d' execut i on peut 
convoiter les ressources partagees de I ' envi r onnerrent informatique, 
creant ai nsi la necessite d'eviter les ver r oui I I ages cul-de-sac parrri les 
unites d' execut ion locales. Alors que les unites d' execut i on locales sont 
present es dans une pi ate- forme informatique unique, les unites 
d' execut i on I ogi ques sont creees pour met t r e en relation les unites 
d' execut i on locales entre el I es et pour couvrir ai nsi les pi at es- f or rres 
sur I esquel I es resident les unites d' execut i on locales. Des rroni teurs 
reparti s sont crees pour corrrrander I 1 acces aux ressources partagees par 
I es uni t es d' execut i on I ocal es sur I a base des af f i I i at i ons des uni t es 
d' execut i on I ogi ques. Des ver r oui I I ages a I'interieur des rroni teurs 
reparti s sont at t r i bues aux unites d' execut i on I ogi ques pi ut ot qu' aux 
unites d' execut ion locales. Les unites d' execution locales qui font 
chacune parti e de la rrerre unite d' execut ion I ogi que ont t out es acces aux 
ressources partagees, lorsque le ver r oui I I age est attribue a I 'unite 
d' execut i on I ogi que. 
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Det ai I ed Descr i pt i on 
t o t he I ocks. 

U.S. Patent 5,524,247 discloses a syst em f or scheduling program-ring 
units to a resource based on status variables indicating a lock or 
lock- wait state . The central processing unit (CPU) sets a 
predetermined value i n t he status variable corresponding to a thread 
when the thread starts waiting for a resource which it shares with other 

threads . The scheduler refers t o t he status variable, selects, 
wi t h pr i or i t y, a thread other than the thread waiting for the shared 
r esour ce, and al I ocat es t he CPU to t he. . . 
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A process cont rol I er (100) i rrpl errent s smart f i el d devi ce st andards ( 132) 
and other bus- based architecture standards so that corrrruni cat i ons and 
control among devices are performed and the standard control operations 
are transparent to a user. The process controller i rrpl ement s and executes 
a standard set of function blocks (522) or control functions defined by a 
standard protocol so that standard-type control is achieved with respect 
to non- st andar d- 1 ype devices (12). The process controller enables 
standard devices (6) to i rrpl errent the standard set of function blocks and 
control functions. The process controller i rrpl errent s an overall strategy 
as i f all connected devices are standard devices by usage of a Fi el dbus 
function block as a fundamental building block for control structures. 
Function blocks are defined to create control structures for all types of 
devi ces. A user def i nes t he cont r ol st r at egy by bui I di ng a pi ur al i t y of 
function blocks and control modules (440) and downloading or installing 
user - speci f i ed portions of the control strategy into the Fi el dbus devices 



and the non- Fi el dbus devices. Thereafter, the Fi el dbus devices 
automatically per form the downloaded portions of the overall strategy 
independently of other portions of the control stategy. The process 
cont r ol syst em i ncl udes a di agnost i c rroni t or i ng and di spl ay f unct i onal i t y 
for viewing, in a coherent manner, diagnostic information relating to a 
process that operates over rail t i pi e devices and syst em component s. The 
digital control syst em aut omat i cal I y senses when a new cont r ol I er is 
attached to a network and deter nines the nurrber and types of I/O Ports 
that ar e at t ached t o t he new cont r ol I er . The digital control system 
program also includes an automatic configuration program that responds to 
sensing of a new cont r ol I er by automatically configuring the input /out put 
(I/O) subsystem Upon connection of the device, the device is 
automatically sensed and configured using the database configuration 
information, without setting of physical switches or node address 
information on the devices. The digital control syst em wi t h a 
predetermined configuration automatically senses the connection to a 
net wor k of a di gi t al devi ce t hat is not i ncl uded in t he pr edet er rri ned 
configuration. The process control syst em i ncl udes a user interface (300) 
which supports rail t i pi e I EC- 1131 standard control languages and 
user - sel ect i on from among the control languages. Fr om a single 
application routing, a user selects a control language from among a 
plurality of control languages including, for exarrpl e, Function Blocks, 
Sequential Function Charts, Ladder Logic and Structural Text, to 
i rrpl errent a control strategy. The process control syst em i ncl udes an 
alarm and event monitoring and display syst em for which various users of 
t he syst em can easi I y pr i or i t i ze t he al ar m and event i nf or mat i on t hat i s 
di spl ayed. 
Fr ench Abst r act 

Un control eur (100) de processus industriels rret en oeuvre des norrres 
( 132) de di sposi t i f s de t er r ai n i nt el I i gent s ai nsi que d' aut r es nor rres 
a" ar chi t ect ur e basees sur des bus de rraniere que I es t r ansrri ssi ons et la 
gest i on par rri I es di sposi tifs soi ent execut ees et que I es operations de 
gest i on cl assi que soi ent t r anspar ent es pour I' ut i I i sat eur . Le control eur 
de processus industriels rret en oeuvre et execute un enserrbl e cl assi que 
de blocs de fonctions (522) ou de fonctions de gest i on def i ni es par un 
protocole normalise de rraniere qu' une gest i on de type norrralisee soi t 
obtenue sur des di sposi tifs (12) de type non normalise. Le control eur de 
pr ocessus i ndust r i el s per rret a des di sposi tifs cl assi ques (6) de rret t r e 
en oeuvre I ' enserrbl e normalise de blocs de fonctions et des fonctions de 
gest ion. Le control eur de processus industriels rret en oeuvre une 
strategie d' enserrbl e corrrre si t ous I es di sposi tifs connect es et ai ent des 
di sposi tifs nor rral i ses, par I ' ut i I i sat i on d' un bl oc de f onct i ons Fi el dbus 
(bus terrain) en t ant que bloc de construction fondarrental de structures 
de gest ion. Des blocs de fonctions sont def i ni s pour creer des structures 
de gest i on pour t ous I es t ypes de di sposi tifs. Un ut i I i sat eur def i ni t la 
strategie de gest i on en construisant une pi ur al i t e de blocs de fonctions 
et de modules de gest i on (440) et en t el echar geant ou en i nst al I ant des 
par t i es speci f i ques a I' ut i I i sat eur de la st r at egi e de gest i on dont I es 
di sposi tifs Fi el dbus et I es aut res di sposi tifs. Ensuite, I es di sposi tifs 
Fi el dbus execut ent aut orrat i querrent I es parties t el echar gees de la 
st r at egi e d' enserrbl e, i ndependarrrrent d' aut r es par t i es de la st r at egi e de 
gest ion. Le syst erre de gest i on de processus industriels corrprend une 
f onct i onnal i t e de cont role di agnost i que et d'affichage per rret t ant de 
visual iser, de rraniere coherente, des informations de diagnostics 
relatives a un processus execute sur des di sposi tifs et des corrposants 
syst erre rail ti pies. Le syst erre de gest i on nurrerique det ect e 
aut orrat i querrent le moment ou un nouveau control eur est r attache a un 
reseau et determine le norrbre et I es types de ports EJ S r attaches au 
nouveau control eur. Le prograrrrre du syst erre de gest i on nurrerique corrprend 
egal errent un prograrrrre de configuration aut orrat i que reagissant a la 
detection d' un nouveau control eur par configuration aut orrat i que du 
sous- syst erre d' ent r ee/ sor t i e E/S. Lors de la connexion du di sposi tif, 
I edi t di sposi tif est det ect e et configure aut orrat i querrent au rroyen des 
informations de configuration de la base de donnees, sans et abl i r de 



cormxit at eur s physiques ou d' i nf or mat i ons d' adr esses nodal es sur I es 
dispositifs. Le systerre de gest i on nurrerique present ant une configuration 
pr edet er rri nee det ect e aut orrat i querrent la connexion a un reseau d' un 
di sposi t i f nurrer i que non i ncl us dans I a conf i gur at i on pr edet er rri nee. Le 
systerre de gest i on de processus industriels corrprend une interface 
utilisateur (300) pouvant recevoir des I angages de gest i on normalises 
I EC- 11 31 rail ti pies et une selection utilisateur par rri I es I angages de 
gest i on. A par t i r d' un sous- pr ogr arrme d' appl i cat i on i ndi vi duel I e, un 
ut i I i sat eur sel ect i onne un I angage de gest i on par rri une pi ur al i t e de 
I angages de gest i on corrprenant, par exerrpl e, des blocs de fonctions, des 
grap( i nvert ed question mar k) E 
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a device address that is a standby address or an assigned address. In 
either unrecognized state 2904, the physical device t ag i s read from 
t he devi ce and di spl ayabl e on t he screen. . . 

. . . f r om t he devi ce and di spl ayabl e on t he scr een. 

I n t he st andbv state 2906, the field device is not yet aut osensed and 
is therefore not available for configuration i n t he control strategy... 

...included in Li nk- Act i ve- Schedul er (LAS) schedules of t he syst em 

management configuration. I n t he standby state 2906, finiction. block 
execution and link corrrruni cat i ons are disabled. Note that a 
Li nk- Act i ve- Schedul er is a deter rri nistic centralized bus scheduler that 
includes a I i st of transrrit t i rres for all data buffers in all devices 
t hat ar e t o be cycl i cal I y t r ansrri 1 1 ed. Wien a devi ce i s due t o send a 
data buffer, the Link- Active- Scheduler issues a corrpel data (CD) 
message t o t he device. Upon receipt of the CD message. . . 

...Any device that is configured to receive the data is defined t o be a 
"subscriber". Scheduled data transfers are typically used for the 
regular, cyclic transfer of control loop data between devices on the 
f i el dbus. 

I n t he standby state 2906, the syst em management state is 

SM- CPERATI ONAL, the physical device t ag i s equal t o t he device 

identification, and the device address is a standby address... 
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The present invention irrplerrents parallel processing in a Database 
Management System The present invention provides the ability to locate 
transaction and recovery i nf or mat i on at one location and eliminates the 
need for read locks and two- phased corrrrits. The present invention 
provides the ability to dynarri cal I y partition row sources for parallel 
pr ocessi ng. Par al I el i sm i s based on t he abi I i t y to par al I el i ze a r ow 
source, the partitioning r equi r errent s of consecutive row sources and the 
entire row source tree, and any specification in the structured query 
language ( SGL) st at errent . A Query Coordinator (802) assumes control of 
the processing of an entire query and can execute serial row sources 
( 804, 806). Additional threads of control, Guery Servers, execute 
parallel operators. Parallel oper at or s ar e cal I ed dat a f I ow oper at or s 
( DFCs) . A DFO i s represented as SGL statements and can be executed 
concur r ent I y by rail t i pi e pr ocesses, or query slaves. A central scheduling 
rrechani sm a dat a f I ow schedul er , cont r ol s a par al I el i zed por t i on of an 
execution plan, and can become invisible for serial execution. Table 
queues are used to partition and transport rows between sets of 
pr ocesses. Node I i nkages pr ovi de t he abi I i t y to di vi de t he pi an i nt o 
independent lists that can each be executed by a set of query slaves. The 
present invention maintains a bit vector that is used by a subsequent 
producer to deter nine whether any rows need to be produced to its 
consumers. The present invention uses states and a count of the slaves 
that have reached these states to perform its scheduling tasks. 

Fr ench Abst r act 

La present e invention per met d' appl i quer un procede de trait errent en 
par al I el e dans un systerre de gest i on de base de donnees. L' i nvent i on 
of f r e la possi bi I i t e d' i rrpl ant er des i nf or mat i ons r el at i ves a une 
t r ansact i on et a I' ext r act i on de donnees dans un errpl acement , et suppr i me 
la necessite de ver r oui I I ages de lecture et d' enr egi st r errent en deux 
phases. La present e invention per met egal errent d' ef f ect uer le decoupage 
dynani que de sources de I i gnes af i n d' effect uer le trait errent en 
par al I el e. Ce par al I el i srre est f onde sur I' apt i t ude a met t r e en par al I el e 
une source de I i gnes, sur I es besoi ns de decoupage de sources de I i gnes 
consecut i ves et de t out I' ar br e sour ce de I i gnes, ai nsi que sur t out e 
speci f i cat i on cont enue dans I ' i nst r uct i on en I angage d' i nt er r ogat i on 
structure (SGL). Un el errent de coordination (802) d' i nt er r ogat i on prend 
la coirmande du trait errent de t out e une interrogation et peut executer des 
sources de I i gnes en serie (804, 806). Des files de coirmande 
suppl errent ai r es, I es serveurs d' i nt er r ogat i on, executent des operateurs 
en par al I el es. Ces operateurs en par allele sont appel es des operateurs de 
f I ux de donnees ( DFO) . Un DFO est r epr esent e sous f or me d' i nst r uct i ons 
SGL et peut et r e si roil t anerrent execute par des elements de trait errent 
multiples ou des elements d' i nt er r ogat i on asservis. Un iroyen de 
pi ani f i cat i on central ou agent de pi ani f i cat i on de flux de donnees, 
corrmande une part i e m se en par al I el e d' un pi an d' execut i on, et peut 
deveni r invisible par rapport a I 'execut ion en serie. Des files d'attente 
de table sont ut i I i sees pour decouper et transporter des I i gnes ent re des 
enseirbl es d' elements de trait errent. Des liaisons ent re des noeuds 



per met tent de di vi ser le plan en listes i ndependant es qui peuvent chacune 
etre execut ees par un enserrbl e d' elements d' i nt er r ogat i on asservis. La 
present e invention rrai nt i ent un vect eur de bits qui est utilise par un 
el errent de pr oduct i on de I i gnes sui vant af i n de det er rri ner si des I i gnes 
doi vent etre produites pour ses consorrmat eurs de I i gnes. La present e 
i nvent i on corrpr end I ' ut i I i sat i on d' et at s, ai nsi qu' un corrpt age des 
elements asservis qui sont parvenus a de tels etats, pour effectuer ses 
t aches de pi ani f i cat i on. 
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i t s out put t abl e queue. The si aves i rrpl ement i ng t he t abl e scan r epl i es 
to the data flow scheduler that they are ready. The data flow 
schedul er rroni t or s t he count t o det er rri ne when al I . . . 

. . . t hi s DFQ If it is, t he dat a f I ow schedul er sends an execut e t o a second 
slave set to start t he sor t / rrer ge j oi n ( SMJ) DFO (i.e., 324A- 324C) . The 
si aves. . . 

. . . e. , "n" slaves where "n" i s t he nurrber of table scan and SMJ slaves), 
the data flow scheduler sends a resume to the table scan slaves. 
Wien the table scan slaves receive the resume... 

. . . t abl e. The dat a f I ow schedul er does not have t o wai t f or t he ot her t abl e 
scan slaves to reach this state . The data f I ow schedul er deter nines 
whether any rowid ranges remain. 
- 44 

If there are no remaining rowid ranges, the data flow scheduler 
sends a 

message to the table scan slave that sent the "partial" message that it 
is finished. If there are more rowid ranges, the data flow scheduler 
sends the largest remaining rowid range to the table scan slave. 

Wien each of t he t abl e. . . 

. . . al I of t he t abl e scan si aves, t he SMJ DFO wi I I r epor t t o t he dat a f I ow 
scheduler that all of the table scan slaves are done. Cnce it is 
deter rri ned that all of the employee table scan has been couplet ed, the 
data flow scheduler deter rri nes the next DFO t o be executed. 



The next DFO, the depart rrent table scan, is. 



